The association of species distribution and environmental variables is often complex, with nonlinear and interacting effects. Bayesian hierarchical models can quantify linear and high order effects of the variables, as well as their interaction effects. Their strength is to take into account the uncertainties in observation, models, and parameters. However, the model selection process is usually time-consuming, especially when the number of environmental variables is large. Random forest, an efficient machine learning algorithm, can rank the environmental variables so as to facilitate the model selection process. We analyzed the nest site selection of the crested ibis (Nipponia nippon) at watersheds in its distribution range. The crested ibis has attracted much attention in the past 30 years due to its extremely low population level, and now it has recovered to over 1,000 individuals in the wild. We built Bayesian hierarchical models to quantify the association between the number of nests in 95 watersheds and nine environmental variables of these watersheds.
INTRODUCTION

12
Species distribution models (SDMs) have been extensively used to predict the and Bayesian method is often used for parameter estimation (Royle & Dorazio 2008) .
18
When the number of environmental variables is large, the model selection process of
19
Bayesian hierarchical models would be very slow (Beguin et al. 2012 ).
20
Random forest is an ensemble machine learning method for classification and 21 regression that operates by constructing a multitude of decision trees (Breiman 2001a ).
22
Decision trees tend to learn highly irregular patterns, i.e. they overfit their training SDMs are also sensitive to spatial scales (Levin 1992; Schneider 2001 
48
In this study, we used hirarchical models (composing of several GLMs) to study 49 the habitat use of the crested ibis (Nipponia nippon) at a regional scale during both the 50 breeding season and the post-breeding season. Such anaysis at a large spatial scale 51 enable us to examine the overall habitat preference in its life cycle.
52
The crested ibis was listed as critically endangered (BirdLife International 2001).
53
The population size of the crested ibis had been declined severely in the mid-19 th 54 century (Li et al. 2009 ) to only two pairs and three nestlings in 1981 (Liu 1981) . Now The crested ibis is an ideal species for studying the integrative habitat preference has generated sufficient occurrence data. In this paper, we used nest sites to represent 68 the habitat use of the crested ibis, since the bird exhibits high selectivity of its nest site 69 (Li et al. 2006 ).
70
METHODS
71
Study area
72
Recovered from a few remnant individuals, the wild populations of crested ibis Table 1 .
93
The crested ibis occurrence layer consists of 941 records, which are the nest sites 
123
In this paper, we analyzed the habitat use of the crested ibis at the watershed 124 scale. Watersheds were delineated based on the digital elevation model using
125
HydroSHEDs developed by the WWF-US (Guth 2011; Lehner et al. 2006 ). In total, 95 126 watersheds were delineated (Fig. 2) . Their average area is 154 km 2 .
127
Models
128
We used a hierarchical modeling framework to quantify the association between 
134
In this study, we aimed to explain the annual count of nest sites within each of 95 135 watersheds using nine explanatory variables. The environmental dataset has 95 rows 136 (watersheds) and nine columns. Explanatory variables were standardized by minus its 137 mean and divided by its standard deviation.
138
We assumed there were fixed numbers of available nest sites J i (sum of currently 139 used nest sites and potential nest sites) at watershed i. We also assumed all nest sites in 140 a watershed had the same environmental conditions. Some nest sites might be used yet
141
were missed during the surveys.
142
We applied the logistic regression to fit the nest site selection process and the 
148
At watershed i, the probability of a nest being detected during a survey is p. The 149 model is:
where a 0 is the interception, a n is the n th coefficient,, var (i, n) is the n th explanatory 152 variable at watershed i.
153
The quadratic terms and the first order interaction terms of the explanatory 154 variables are included in Eq. 1 and 2.
155
On average, the true number of nest at watershed i is: 
where dbin(P, N) is a random number that follows binomial distribution with the 161 probability P and number of trials N. dbin(psi i , 1)is the output (1 for selected and 0 for 162 not selected) of the nest site selection of one pair of crested ibis.
163
Bayesian methods were used to estimate variable coefficients. We applied variables having higher importance were selected in the hierarchical models.
177
RESULTS
178
From 1981 to 2013, the crested ibis population gradually expanded from two 179 breeding pairs in two watersheds to 236 breeding pairs in 23 watersheds (Fig. 1) . The 180 nest sites mostly clustered in nine watersheds (Fig. 2a) . The size of watersheds is not important factors for nest site selection (Fig. 3a) , and the SD of elevation (roughness of 184 the area) of the watersheds had the highest impact on the detection probability of the 185 nests (Fig. 3b) . The percentage of explained variance for the number of nests and 186 detection rate of the nests in all watershed ranges from 8.44% to 28.93% (Table 2) . 
190
The variables are: area of rice paddy, area of water body, elevation, SD of elevation,
191
annual average temperature, annual total precipitation, and human population density.
192
We exhaustively checked the significance of the variables, including the remained in the models (Table 3 ). The interaction term of area of rice paddy and area
197
of water body is the only term that is associated with nest site selection in every year.
198
Elevation and/or SD of elevation are significantly associated with the detection rate 199 (Table 3) . 
222
The detection rate of the nest site was negatively associated with elevation and 223 SD of elevation in 2013 (Fig. 3b) . The survey teams usually investigate all available 224 nest sites (areas with rice paddies and tall trees) in the beginning of the breeding season
225
(i.e. February). At the watersheds with higher elevation and higher SD of elevation, the 226 road condition is poor (surveyors can hardly cover the entire area), and the visibility is 227 also poor because of the rough topography of mountains.
228
The association of the crested ibis and human had been well discussed (Li et al. U-shaped curve (e.g., precipitation in Fig. 3a) , a quadratic term for this variable should 258 be considered.
259
Random forest is not sensitive to the problem of multicollinearity; it handles 260 correlated variables well (Breiman 2001b) . It runs efficiently with large databases.
261
Random forest is one of the most accurate learning algorithms with high performance 
